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PREFACE 


The  work  described  in  this  report  was  authorized  under  Project  No. 
622384/ACB2,  Non-Medical  CB  Defense.  The  work  was  started  in  September  1998  and 
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The  use  of  either  trade  or  manufacturers’  names  in  this  report  does  not  constitute 
an  official  endorsement  of  any  commercial  products.  This  report  may  not  be  cited  for  purposes 
of  advertisement. 

This  report  has  been  approved  for  release  to  the  public.  Registered  users  should 
request  additional  copies  from  the  Defense  Technical  Information  Center;  unregistered  users 
should  direct  such  requests  to  the  National  Technical  Information  Service. 
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TEST  PROCEDURE  FOR  REMOVING  POLYSTYRENE 
LATEX  MICROSPHERES  FROM  MEMBRANE  FILTERS 

1.  INTRODUCTION 

Filters  are  often  used  to  collect  airborne  particles,  such  as  atmospheric  aerosols  or 
test  particles  used  in  chambers  or  controlled  wind  tunnel  experiments.  Procedures  tor 
removing  the  particles  from  the  filters,  however,  are  often  not  described  or  are  generated 
separately  for  each  test.  Because  of  the  lack  of  controlled  removal  procedures,  a  series  of 
tests  were  performed  with  the  objective  of  developing  a  more  formal  particle  remo\  a! 
procedure. 

Objectives  of  the  study,  therefore,  are  (1)  to  develop  a  standard  procedure  for  the 
removal  of  particles  from  membrane  filters  and  (2)  to  test  the  variability  in  the  results 
betvN^een  two  test  operators  who  followed  the  same  procedure.  The  type  of  particles 
selected  for  the  study  were  polystyrene  latex  (PSL)  microspheres  that  were  collected  on 
membrane  filters  and  analyzed  using  a  fluorometer. 

2.  APPROACH 

2.1.  Sample  Preparation. 

The  microspheres  selected  for  the  study  were  blue  fluorescing,  mono-disperse, 
polymer  microspheres  with  a  diameter  of  0.988  pm  and  were  obtained  from  Duke 
Scientific  Corp.  (catalog  no.  BOIOOB).  The  microspheres,  as  supplied  from  the  vendor, 
were  contained  in  an  aqueous  solution  with  a  proprietary  surfactant.  The  filters  selected 
for  the  study  were  47-mm  diameter,  polycarbonate  membrane  filters  manufactured  by 
Poretics  Corp.  (catalog  no.  13043).  The  small  pore  size  (0.6  pm)  of  the  filter  ensured  that 
the  microspheres  were  captured  on  the  filter  surface. 

A  solution  of  microspheres  was  prepared  by  adding  6  drops  from  the  vendor's 
solution  containing  the  microspheres  to  20  ml  of  deionized  distilled  water.  A  known 
mass  of  liquid  containing  the  microspheres  was  removed  from  the  20  ml  supply  using  a 
disposable  pipette  and  placed  on  the  test  filter.  The  mass  of  liquid  containing  the 
microspheres,  which  was  deposited  on  the  filter,  was  determined  by  differential  weighing 
pipette  before  and  after  dispersing  the  solution.  Mass  measurements  were  made  using  a 
balance  with  an  accuracy  of  ±20  pg. 

The  filter  was  next  dried  by  passing  air  through  the  filter.  The  dr>'  filter  was  then 
placed  into  a  plastic,  disposable  50  ml  centrifuge  tube  with  screw  cap.  The  tube 
contained  15  ml  of  deionized  distilled  water  and  6  -  10  glass  beads  (approximately  3.0 
mm  diameter).  The  glass  beads  filled  the  lower  conical  section  of  the  test  tube.  The  test 
tube  was  then  shaken.  The  shaking  procedure  consisted  of  holding  the  test  tube  on  a 
padded  shaker  platform  (Maxi-Mix  shaker.  Type  16700),  which  induced  a  vortex  motion. 
The  procedure  called  for  50  sec  of  mechanical  shaking  followed  by  10  sec  of  manual 
shaking.  The  reference  samples  were  prepared  by  transferring  a  known  mass  of  liquid 


7 


from  the  previously  prepared  20  ml  supply  directly  to  the  plastic  disposable  50  ml 
centrifuge  tubes.  After  the  shaking  procedure  was  completed,  test  samples  were  prepared 
by  transferring  the  liquid  in  the  test  tube  to  small  disposable  glass  culture  tubes 
(10  mm  X  75  mm).  Twelve  test  samples  were  prepared  plus  six  reference  samples. 

A  relative  measure  of  the  quantity  of  microspheres  in  the  small  culture  tube  was 
determined  by  using  a  fluorometer  (Sequoia  Turner  Model  45)  with  a  narrow  band 
excitation  filter  NB  440*  and  an  emission  filter  SC  515^.  The  fluorescent  measurements 
were  made  after  zeroing  the  instrument  at  the  selected  gain  setting.  Measurements  were 
taken  with  gain  settings  of  10  and  50.  No  attempt  was  made  to  convert  the  fluorometer 
readings  to  an  absolute  number  count. 

2.2.  Experiments. 

Experiment  1.  The  shaking  sequence  described  above  was  repeated  for  total 
shake  times  of  1  to  6  min  to  determine  a  reasonable  shaking  time  for  removing  most  of 
the  microspheres  from  filters. 

Experiment  2.  A  second  experiment  was  conducted  to  determine  the  effect  that 
two  different  experimentalists  might  have  on  the  results  and  to  measure  instrument 
variability.  Two  operators  performed  the  shaking  sequence  for  5  min.  Each  operator 
examined  4  filters.  The  fluorometer  measurements  were  made  with  gains  set  at  10  and 
50.  The  data  obtained  from  Experiment  2,  therefore,  provided  a  means  for  evaluating 
both  operator  effects  and  gain  settings  for  the  fluorometer. 

3.  RESULTS 

3.1.  Experiment  L  Determination  of  Optimum  Shaking  Time. 

The  fluorometer  readings  taken  for  different  shake  time  are  summarized  in  Table 
1  and  plotted  in  Figure  1.  The  data  were  normalized  by  dividing  the  fluorometer 
measurements  by  the  gain  setting  and  the  mass  of  liquid  (containing  the  microspheres)  on 
the  filter.  The  normalized  data  for  the  shake  times  for  two  samples  are  shown  in  Figure 
1.  The  data  for  the  standard  sample  is  also  shown  in  the  figure.  Clearly,  the  amount  of 
material  remove  from  the  filter  approaches  a  maximum  for  a  total  shake  time  of  4  min,  as 
indicated  by  the  graph.  The  error  bars  give  a  measure  of  the  variability  in  the  test  data 
and  are  based  on  one  standard  deviation  of  the  data.  It  is  interesting  to  note  the  standard 
deviation  for  both  samples  after  two  minutes  of  shaking  is  quite  low.  It  is  doubtful, 
however,  if  any  significance  is  associated  with  the  obseiwation.  The  figure  shows  that  4 
min  of  shake  time  is  adequate  for  removing  most  of  the  microspheres  from  the  filters. 


'  Band  pass  of  the  narrow  band  filter  was  435  -  445  nm. 

^  The  sharp  cut-off  filter  blocks  all  light  of  shorter  wavelength.  The  characteristic  wave  length  of  a  sharp- 
cut  filter  is  defined  as  the  wavelength  at  which  the  filter  has  a  transmittance  of  3  7%.  The  cut-off 
wavelength  for  the  filter  was  5 1 5  nm. 
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Table  1 .  Summary  of  filter  weight  and  fluorometer  data  of  experiment  1 


reference  0.25045  NA  180  45  3.60  4.5  14.37  17.97  16.17  2.54 


0  2  4  6 

Time  (min) 


Figure  1.  Normalized  amount  of  microspheres  removed  from  the  filters  as  a  function  of 
total  shake  time.  F  refers  to  the  normalized  fluorometer  reading  divided  by  the  sample 
mass  deposited  on  the  filter. 


3.2.  Experiment  2,  Effect  of  Operator  Procedure. 

The  data  on  the  effect  of  the  operator  on  the  removal  of  PSL  microspheres  are 
summarized  in  Table  2  and  plotted  in  Figure  2.  Each  operator  examined  four  filters.  The 
total  shake  time  for  each  operator  was  5  min.  The  data  plotted  in  the  figure  is  the  average 
for  the  four  filters.  The  error  bar  represents  one  standard  deviation  for  the  four  readings. 
The  data  are  compared  with  the  data  for  the  standard  sample.  Although  there  was  more 
variation  for  the  results  from  one  of  the  operators,  it  is  clear  that  the  data  compare 
reasonably  close  to  the  standard  sample  when  the  standard  deviations  are  taken  into 
account.  No  statistical  tests  were  performed  because  of  the  small  number  of  samples. 

3.3.  Experiment  3.  Effect  of  Fluorometer  Settings. 

The  data  summarized  in  Table  2  are  also  plotted  in  Figure  3  to  examine  the  two 
different  gain  settings.  As  in  Figures  1  and  2,  the  data,  for  each  gain  setting,  show 
reasonable  agreement  with  the  standard  sample.  However,  both  the  test  samples  and  the 
standard  samples  show  a  lack  of  instrument  linearity. 
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Table  2.  Summary  of  filter  weight  and  fluorometer  data  of  experiment  2 
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Operator  1 


Operator  2 


Reference  Sample 
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Figure  2.  Normalized  amount  of  microspheres  removed  from  the  filters  based 
two  different  operators  performing  the  shaking. 
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Figure  3.  Effect  of  fluorometer  gain  settings  on  the  recorded  amount  of 
normalized  microspheres  removed  from  the  filters. 


4.  DISCUSSION 


Although  the  data  are  considered  to  be  reasonably  consistent,  there  was  some  lack  of 
repeatability.  Possible  causes  may  be  due  to  re-zeroing  the  fluorometer  and  to  the  decay 
in  the  fluorescence  of  the  PSL  microspheres  due  to  the  exposure  of  the  samples  to  room 
light  may  result  in  lower  readings.  Because  of  these  problems,  the  data  selected  for 
comparison  purposes  were  limited  to  measurements  made  with  the  same  zero  for  each 
gain  setting  and  made  within  a  reasonable  time  frame. 

Even  though  Experiment  1  shows  that  4  min  of  shaking  was  adequate  for  remowng 
most  of  the  PSL  microspheres  from  the  filters,  some  prior  data  showed  that  even  6  min  of 
vortexing,  without  hand  shaking,  was  not  sufficient  to  remove  an  acceptable  level  of  PSL 
microspheres  from  the  filter.  Therefore,  a  shaking  time  of  5  min  was  chosen  for  our  test 
procedure. 


5.  CONCLUSIONS 

A  satisfactory  procedure  for  removing  PSL  microshperes  from  membrane  filters  was 
developed.  The  procedure  consisted  of  inducing  a  vortex  motion  for  50  sec  in  a  test  tube 
containing  the  filter,  glass  beads,  and  the  microspheres  followed  by  10  sec  of  manual 
shaking  and  repeating  the  sequence  five  times. 

The  results  for  the  test  procedure  showed  that  there  are  minimal  variations  due  to 
change  in  the  experimentalist. 

The  fluorometer  measurements  that  are  compared  should  be  taken  with  the  same 
zero  for  each  gain  setting  and  made  within  a  reasonable  time  frame. 


